UNCLASSIFIED 
AD  NUMBER 


AD031085 

CLASSIFICATION  CHANGES 

TO: 

UNCLASSIFIED 

FROM: 

CONFIDENTIAL 

LIMITATION  CHANGES 

TO: 

Approved  for  public  release;  distribution  is 
unlimited. 


FROM: 

Distribution  authorized  to  DoD  only; 
Administrative/Operational  Use;  16  APR  1954. 
Other  requests  shall  be  referred  to  Naval 
Proving  Ground , Dahlgren,  VA. . Pre-dates  formal 
DoD  distribution  statements.  Treat  as  DoD  only. 


AUTHORITY 

30  Apr  1966,  DoDD  5200.10,  gp-4 . ; NWL  ltr,  6 
NOV  1973 


THIS  PAGE  IS  UNCLASSIFIED 


CONFIDENTIAL 


NPG  Report  No.  1263 


>- 

n 

O' 


» F 


£Z$  GO 


THE  DEVELOPMENT  OF 
I NQOT- I RON  ROTATING  BANDS  FOR 
3"/70  AA  PROJECTILES 


U.  S.  NAVAL  PROVING  GROUND 
DAHLGREN,  VIRGINIA 


Copy  No.  10 


Date  : 

>3 


16  April  1954 

<-/  / r 


CONFIDENTIAL 


NOTICE:  THIS  DOCUMENT  CONTAINS  INFORMATION  AFFECTING  THE 
NATIONAL  DEFENSE  OF  THE  UNITED  STATES  WITHIN  THE  MEANING 
OF  THE  ESPIONAGE  LAWS,  TITLE  18,  U.S.C.,  SECTIONS  793  and  794. 
THE  TRANSMISSION  OR  THE  REVELATION  OF  ITS  CONTENTS  IN 


ANY  MANNER  TO  AN  UNAUTHORIZED  PERSON  IS  PROHIBITED  BY  LAW.! 


CONFIDENTIAL 


APPROVED  t 


U*  S*  Naval  Proving  Ground 
Dahlgren,  Virginia 


The  Development  of 
Xngnt— Iron  Rotating  Banda  for 
3**/70  AA  Projectiles 
by 

R«  H«  Lyddane 

and 

R • B.  Butler 

Terminal  Ballistics  Department 


NPG  REPORT  NO*  1263 

Task  Assignment  No* 
NPG^B-3b-22.5-l-54 

16  April  1934 


J*  F*  BYRNE 
Captain,  USN 

Commander,  Naval  Proving  Ground 


E.  A*  RUCKNER 
Captain,  USN 
Ordnance  Officer 
By  direction 


CONFIDENTIAL 


CONFIDENTIAL 


NPG  REPORT  NO,  1263 


CONTENTS 


?.3£S 


Abstract  ••••••••••• 

Foreword  ,,«•••••••• 

Introduction  ••••••••• 

Procedure-  and  Results,  , , • , 
Discussion  * * « , , 

References  *, «,«•«,«• 


Appendices : 

A,  Complete  Before  and  After  Firing  Data 
(Tables  1-3) 

B*  NPG  Photographs  and  Sketches 

Photographs  of  Band  Types  Before  Firing 
(Figures  1-3) 

Sketches  of  Band  Types 
(Figures  4-10) 

Sketch  of  3«/70  Nose  Plug 
(Figure  11) 

Photographs  of  Recovered  Projectiles 
(Figures  12-30 

J%  t:ri +■' • l w _ i.  i. a . e ^ S — j ...  - n — J - 

v,  «ii'o  impreaoxun  riouuuu  ui  utsieruxuxug  opxu 

D,  Distribution 


ii 

iii 
1 
1 

4 


CONFIDENTIAL 


i 


CONFIDENTIAL 


NPG  REPORT  NO.  1263 


ABSTRACT 

This  report  covers  work  on  the  development  of  a swaged- 
on  ingot-iron  rotating  band  design  for  3tt/70  AA  Projectiles. 
The  final  design  evolved  was  satisfactory  in  velocity,  gun 
pressure,  and  yaw  at  short  range,  and  not  only  produced  full 
spin  but  also  showed  no  perceptible  band  wear.  In  addition, 
it  produced  negligible  body  deformation  under  the  band  of 
the  fired  projectile,  and  permitted  a strong  joint  between 
projectile  and  case*  The  design  is  somewhat  novel,  incor- 
porating a series  of  high  ribs  canted  to  the  rear  Which  fold 
down  during  ruh-up  and  engraving-  The  band  is  lubricated 
with  molybdenum  disulfide.' 

Ranging  and  rapid-fire  tests  of  this  design  are  in 
progress,  and  will  be  the  subject  of  a later  report » 
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FOREWORD 

This  is  the  12th  partial  report  on  Projectile  Rotating 
Bands  and  Components « The  work  was  authorized  by  BUORD  Conf 
ltr  Re3b-RS:mt  NP9  Ser  24422  of  15  Aug  1951  (reference  (a)) 
under  Task  Assignment  NFG-Re3b-225“l-52. 

The  teste  upon  which  this  report  is  based  were  conducted 

V.*r  • 
r 

R.  D.  CROMWELL,  Plate  Fuze  Battery  Officer 
Terminal  Ballistics  Department 
R.  B.  BUTLER*  Head*3 Design  Branch 

Terminal  Ballistics  Department 

This  report  was  reviewed  by  { 

W.  B.  ROBERTSON,  Commander,  U-SN 

Terminal  Ballistics  Officer 
ree£©£^ 
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INTRODUCTION 

Reference  (b)  reported  the  first  work  done  on  s 
iron  rotating  bands  for  the  3" /JO  projectile,  Two^de.  &r\>: 
of  3"/70  band  (Figures  5 and  *>),  as  weli  as  a 
diameter  design  (Figure  4)  not  adaptable  to  ^viee  use  in 
the  3nfr0  gun.  were  investigated,  and  the  results  indicate  . 
that  it  was  possible  to  fit  a 3n/70  projectile  with  a s 
iron  (Armco  ingot  iron)  rotating  band  by  using  precisexy 
the  same  method  of  manufacture  as  for  a copper  band,  that 
iron  bands  caused  little  if  any  more  barrel  strain  than 
corner  or  copper  alloy  bands  of  the  same  contour,  and  that 
projectiles  with  iron  bands  of  the  standard  3 /7P  Ex  24 
Mod  2 contour , , fired  from. ‘a  &~3  gun,  showed  no  evidence-of 
band  wear  And  gave  range  performance  far  better  than  pro- 
jectiles with  gilding-metal  bands  of  the  same  contour. 

3hia  report  covers  further  development  of  swaged-on 
ingot-iron  band  designs  for  the  3"/70  gun. 


Ssi  . 


•.  v •«* ’r'jt- -w.- tv. yv 


PROCEDURE  AND 


' All  -r,7ir.da  in  this  program  were  fired  from  3“/ 7° 
barrel  Type  G Mod  3 Serial  No.  24493,  which 
mately  400  ESR  and  an  origin  enlargement  of  05009.  This 
gun  has  a short  run-up,  a uniform  twist  ^ in  25,  rifling 
with  a constant  groove  depth  of  05035,  and  is  chromium 
plated  (05006).  All  rounds  were  inert-loaded  with 
salts  and  fitted  with  flat  dummy  nose  plugs  (Figure  11)  to 
a total  weight  of  15  pounds.  All  projectiles  ■■  ws**s  rubber-  _ 
crimped  in  the  case,  except  for  Type  23  Mod  1,  which  co^ld 
not  be  crimped.  All  rounds  _fired^ were  recovered  in  sawdust 
and  examined.  Measurements  were  made  of  velocity,  pressure, 
and  spin  (by  the  wire  impression  method.  Appendix  (C)).  In 
some  cases,  deformation  under  the  band  was  obtained  from 
measurements  of  projectile  inside  diameter  before  and  after- 
firing. 
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All  the  iron  bands,  with  exceptions  nctsd  below,  were 
liberally  coated  before  firing  with  powdered  molybdenum 
disulfide  suspended  in  a plastic  paint.  It  was  hoped  that 
this  material,  which  is  a well-known  high-pressure  lubri- 
cant, would  reduce  the  friction  of  the  band  on  the  barrel 
and  consequently  reduce  gun  wear. 

TYPE  23  MOD  1 

The  Type  23  Mod  1 band,  shown  in  Figures  1 and  7,  was 
designed  to  investigate  to  what  extent  the  length  of  the 
iron  band  could  Be  reduced  without  detriment  to  the  perform- 
ance previously  observed  (reference  (b))»  This  was  not  an 
actual ^design  ^<or  a 3n/70  band,  since  it  was  not  possible 
to  crimp  it  in  the.  case,  but  only  a test  device.  Only  two 
of  these  bands  were  ever  fired;  the  results  are  shown  in 
Table  1,  and  photographs  of  the  recovered  projectiles  in 
Figures  12  and  13.  The  results  were  quite  satisfactory, 
except  for  an  indication  of  fringing,  which  pointed  out  the 
need  for  more  cannerur ihg " ::  " 

V *;  ' ' TYPE  ^3  M06  -g  " ' " ^ / 

During  the  time  In  which  the  Type  23  Mod  1 bands  were 

in  process  of  fabrication,  the  idea  was  hit  upon  of  design- 
ing a band  with  several  high  lips  (so  as  to  fit  the  case  \ 
properly)  with  all  the  lips  undercut  from  the  rear.  The 
intention  was  to  produce  a design  in  which  the  lips  on 
passing  through'  the  run-up  would  be  folded  down  rather  than 
swaged  down,  vri  vh  ^ ccns-v^jii-vTiv  reduction  ip  band  pressure 
and  body  deformation  of  the  projectile,  A somewhat  similar 
design  in  gilding  metal  had  been  tried  much  earlier  in  the 
3»/50  Type  C (Probert)  gun,  but  this  band  had  failed  and 
was  abandoned.  Since  earlier  results  had  indicated  clearly 
that  iron  was  less  susceptible  to  band  wear  than  gilding 
metal,  it  was  believed  that  in  the  present  instance  this 

type  of-design  had  a good  chance  of  success.  The  Type  23 

Mod  2 band  (Figures  1 and.-C)  was  the  first  design  on  this 
principle.  Two  rounds  were  fired  along  with  the  Type  23 
Mod  1 bands,  and  the  results  are  shown  in  Table  1 and 
Figures  14  and  15.  {Two  projectiles  with  the  standard  Ex  24 
Mod  7 gilding-metal  band  were  also  fired  in  the  same  program 
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for  comparison*  seo  Table  1 and  Figures  16  and  17,)  The 
results  were  highly  encouraging*  The  velocities,  pressures, 
jaws  and  spins  for  the  projectiles  with  Type  23  Hod  2 bands 
wars  all  satisfactory,  the  recovered  bands  showed  r»o  sign3 
of  wear,  and  the  considerable  body  deformation  observed 
with  the  standard  bands  was  reduced  to  negligible  propor- 
tions (as  was  also  the  case  for  the  Type  23  Mod  1 bands; 
see  Table  1) • 

Five  more  of  the  Type  23  Mod  .2  bands  were  made  and  1 
tested*  Three  of  these  were  coated  with  molybdenum  disulfide 
as  before,  and  two  had  no  coating  (Figure  2),  The  results 
are  shown  in  Table  2 and  Figures  These  confirmed 

* with  the  additional;  observation  that 
the  uneoated  bands  exhibited,  c onaiderably  mor e temper  color 
than  the  coated  ones  • This  was  taicen  as  evidence  that  the 
molybdenum  disulfide  was  providing  some  .effective  lubrica- 
tion, and  preventing  the  bands  from  reaching  as  high  a 


v Type  23  Mod.  3 band . Tyf^  23  Mod.% 

but  fieia  shorter  and  had  a somewhat  Targe ^ 

and'  V;*  ■ . The  Tesuits  for  tbeit^ree  rounds  fired 
':*yse.  .given  in : Table  2 and  Figures  23*23*  -The  reduction  in 
length  led  to  no  reduction  in  performance,  but  the  increase 
in  diameter  caused  an  increased  amount  of  temper  color,  and 
this  band  was  therefore  not  considered  as  acceptable  as 
Type  23  Mod  2,  ‘ 


The  next  step'  was  to-  design  the  Type  23  Mod  4 band, 
with  the  reduced  length  of  the  Type  23  #od  3 and  the  smaller 
diameter  of  the  Type  23  Mod  2 band  (Figures  3 and  10),  The 
results  for  the  fire  rounds  fired  are  shewn  in  Table  3 and 
Figures  26-30*  Again  the  results  were  satisfactory. 
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* Two-  of  the  rounds  rubber  crimped  in  cases  for  this 
test  were” pulled  apart  to  determine  the  debulleting  lead. 
Rn-fch  rounds  separated  at  over  15*000  pounds  load.  T*»ese 
rounds  were  then  reassembled  and  fired  (Table  3/. 


DISCPSSION 

rounds  of  the  basic  Type  23  design  had  now_ 
been  fired,  add  each  round  had  shown  good  .performance  ox 
Ahe  band.  Bullet  pull  strength  had  be eh  to  te 

ribr  to  that  obtained  with  the  standard  gfiding>-n6tal  tan4> 
and  ^ody  deformation^and 

* reduced*  in  addition,  iron:  hards  Which  did  not  **11  Ah  < the 
gunhad  been  shown  (reference  (b) ) capable  of  . 

range  performance  in  the  G-3  -gnn,  whereas  standard  gilaing- 
metal  Aands'  gave  very  poor-  range  uniformity  when  fired  .or 
SdmBSrissu^'-Ths  Temaining  important  question  about  the 


;vi-  )^rkl  Pro Ving-  Gro^hd  . therefore  r ecchflwh^d  thht; 

i i»e  P"’r«a»4?n -'kt  -firdnunna  procure  a Substantial,  hhmber  of 
3»/?6  Projectiles  with  the  Type  23  Mod  4 bend  design* 
together  with  a new  G*3  Wfei,  t?*  the  purpose  of  conduct- 
ing rangikk  Assts  and,  if  these  should  prove  successful, 
eventual  ri^id^f ire  tests-*  This  was  done*  and  the  ranging 
and  rapid-fire  tests,  how  in  progress,  will  be  covered  by 
a subsequent  report# 
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APPENDIX  B 


3"/70  AA  Projectile  Band  Designs 
Figure  1 


Type  23  Mod  3 


Type  23  Mod  2 
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3 /70  AA  Projectile  Band  Designs  with  and  without 
molybdenum  disulfide  coating. 

Figure  2 
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Type  23  Mod  4 
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3 "/70  AA  Projectile  Band  Design 
Figure  3 
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Three  views  (120°  apart)  of  recovered  3"/?°  AA  Projectile 

Tyre  23  Mod  1 Ho.  856. 

Figure  13 
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Three  views  (120°  apart)  of  recovered  3"/70  AA  Projectile 

Type  23  Mod  1 No.  858 
Figure  15 
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Three  views  (120°  apart)  of  recovered  3"/70  AA  Frojectile 

Type  EX  24  Mod  7 No.  859. 

Figure  16 
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Three  views  (120°  apart)  of  recovered  3"/70  AA  Projectile 

Type  23  Mod  2 No.  912. 

Figure  18 
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Three  views  (120°  apart)  of  recovered  3"/70  AA  Projectile 

Type  23  Mod  2 No.  913 . 

Figure  19 
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Three  views  (120°  arart)  “r .r!c^‘!r|f63"/70  M Pr03ecUle 

Tyre  23  Mod  2 No.  916* 


Three  views  (120°  arart)  of  recovered  3"/70  AA  Projectile 

Tyr.e  23  Mod  3 No.  917. 

Figure  23 
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Three  views  (120°  apart)  of  recovered  3"/70  AA  Projectile 

Tyre  23  Mod  3 No.  918* 

Figure  24 
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Three  views  (120 


> apart)  of  recovered  3"/70  AA  Projectile 
Type  23  Mod  3 No.  919. 

Figure  25 
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Three  views  (120°  apart)  of  recovered  3"/70  AA  Projectile 

Type  23  Mod  4 No.  943* 

Figure  26 
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Three  views  (120°  apart)  of  recovered  3"/70  AA  Projectile 

Type  23  Mod  A No.  9A4. 

Figure  27 
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Three  views  (120”  apart)  of  recovered  3"/70  AA  Projectile 

Type  23  Mod  4 No,  945. 

Figure  28 
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for  3"/70.AA  Projectiles  by  R.  H.  Lyddane  and 
R,  B.  Butler,  Terminal  Ballistics  Department, 

U.  S,  Naval  Proving  Ground,  Dahlgren,  Virginia 

16  April  1954 
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